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Numerical Investigation of Nonlinear Internal
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Forrestal Drive, Princeton NJ 08544
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Award Number: N000140910832

LONG-TERM GOALS

My long-term goals are to develop a physical understanding of the processes which lead to mixing in
the ocean, with the aim of using this understanding to develop parameterizations of mixing suitable for
global and regional models, and applying such models to societally relevant problems. A particular
focus is the mixing induced by tidal flow over topography, and mixing induced by breaking nonlinear
internal waves.

OBJECTIVES

The scientific objectives of this study are to explore internal waves generated by tidal flow through
straits in the region close to the sill. Our geographic focus will be the Luzon Straits. A particular
scientific focus will be nonlinear overturning and breaking within the straits leading to mixing and
modification of the wave field. One possibility which we will examine is whether transient internal
hydraulic jumps are possible in the Luzon Straits, whether these jumps are released to propagate
toward the topography as internal bores when the flow relaxes, and whether the bores lead to local
mixing. We will explore the details of the Luzon Strait topography to identify locations particularly
conducive to local overturning processes. We will examine how local mixing modifies the character of
the internal waves that propagate away from the topography, for example their vertical and horizontal
scales. We will also examine the sensitivity of the nonlinear wave response to the local stratification
near the sill, and the ambient geostrophic currents. To summarize, our goals are to (a) examine the
dependence of nonlinear features and local breaking at the generation site on topographic shape and
stratification; (b) evaluate the impact of topographic shape and stratification on the lengthscales and
amplitude of the internal wave response to tidal forcing; (c) examine the impact of seasonal variations
in stratification and geostrophic currents on the lengthscales and amplitude of the internal tides.

APPROACH

We will employ the nonhydrostatic MITgcm in both 2- and 3-dimensions to carry out simulations of
increasing complexity, focusing the resolution on the regions close to the sill where overturning is
most likely to occur. The MITgcm is well-suited for this study, having been used for numerous study
of nonlinear internal tides (e.g. Legg and Klymak, 2008). Typical resolutions near the sill will be
0O(100m) in the horizontal and O(10km) in the vertical, although higher resolutions may be used if
needed to capture the features of interest. We will use local computing resources for initial



calculations, and we are in the process of applying for Navy supercomputing resources for larger
calculations. Initial simulations will focus on providing guidance for the main field program to take
place in 2011. The goal will be to identify the locations where mixing is important, and hence where
observations would be most interesting. Following the field program, simulations will be carried out to
help in interpretation of the observations, with increasing complexity, beginning with 2D simulations
with horizontally uniform stratification, and proceeding to 3D simulations with complex realistic
topography and ambient stratification. We will collaborate closely with Jody Klymak, and Maarten
Buijsman, a postdoctoral researcher based at Princeton, will carry out much of this work. We will also
communicate closely with observationalists involved in the Luzon Straits field experiment.

WORK COMPLETED

Funding was awarded in spring of 2009. A postdoctoral search was carried out beginning on October
2009, but a suitable postdoctoral candidate was only finally identified in March 2010, and that
candidate, Maarten Buijsman, was only able to take up this position in September 2010. Legg is only
receiving one month’s salary per year for this project. Progress has therefore been limited to setting up
the MITgcm for initial calculations. Buijsman is now making rapid progress with configuration of the
model for Luzon straits calculations, and we expect to be able to contribute results to the planning of
the 2011 field program.

RESULTS

Nothing to report at present.

IMPACT/APPLICATIONS

Nothing to report at present.

RELATED PROJECTS

This work is a component of the Internal Waves in Straits Experiment. We expect to work closely with
other IWISE researchers, particularly Jody Klymak. The work is also related to a recently proposed
NSF climate process team on internal-wave driven mixing (Pl Jen MacKinnon), with which Legg is
collaborating.
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